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THIS PAPER 


--represents an effort by the Society to deliver 
technical data direct from the author to the 
reader with the greatest possible speed. Tothis 
end, it has hadnone of the usual editing required 
in more formal publication procedures. 


Readers are invited to submit discussion apply - 
ing to current papers. For this paper the final 
date on which a discussion should reach the 
Manager of Technical Publications appears on 
the front cover. 


Those who are planning papers or discussions 
for “Proceedings” will expedite Division and 
Committee action measurably by first studying 
“Publication Procedure for Technical Papers” 
(Proceedings — Separate No. 290). For free 
copies of this Separate—describing style, con- 
tent, and format—address the Manager, Techni- 
cal Publications, ASCE. 


Reprints from this publication may be made on 
condition that the full title of paper, name of 
author, page reference (or paper number), and 
date of publication by the Society are given. 


The Society isnot responsible for any statement 
made or opinion expressed in its publications. 


This paper was published at 1745 S. State Street, 
Ann Arbor, Mich., by the American Society of 
Civil Engineers. Editorial and General Offices 
are at 33 West Thirty-ninth Street, New York 18, 
N.Y. 


INFILTRATION GALLERIES 


Ralph Stone,! A.M. ASCE 


SYNOPSIS 


The various factors involved in infiltration gallery construction and 
operation are reviewed; they include: ground water hydrology, water 
quality and treatment, aquifer permeability, economics, and hydraulics. 

The experience of numerous communities with infiltration gallery 
water works are described. 

Galleries can provide a well purified, dependable, low cost water 


supply. 


INTRODUCTION 


Infiltration galleries are horizontal type permeable conduits that 
intercept and collect ground water by gravity flow for a water supply 
source. Among the first man made water works were the Persian 
“Kanats”. Extensive underground galleries are still employed for the 
water supply of Teheran. Unfortunately these infiltration galleries 
were often used for direct sewage disposal as well as for a water 
source. According to Butler 1 , the Tunnel of Negoub was constructed 
in 800 B.C. Through the centuries, including the present day, there are 
many water systems that have successfully operated infiltration gal- 
leries for part of their water supply. Cities as large as Des Moines, 
Iowa, New York City, N.Y., Los Angeles, California, as well as many 
other foreign communities and smaller cities have economically ex- 
ploited this means of simple water treatment and supply. (See Table 1.) 


Limitation of Infiltration Galleries 


Relatively little recent basic engineering information is found in the 
literature concerning infiltration galleries. Perhaps for this reason, 
few galleries are built and there are many failures in design, construc- 
tion and operation. A survey of engineering experience with infiltration 
galleries has been completed and the results of field studies, correspond- 
ence, and a literature review are herewith summarized. 

Limitations of infiltration gallery use include (1) A shallow aquifer 
is required for low cost construction. The necessity of dewatering dur- 
ing installation of the gallery may result in exhorbitant construction 
costs which, unless fully planned, result in an uneconomical installation. 


1. San. Engr., Univ. of California, Los Angeles, Calif. 
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Secondly, a plentiful recharge of ground water must be available if 
the shallow infiltration gallery is to continue to produce at a high rate. 
The source of recharge of infiltration gallery aquifers include (1) Direct 
spreading of imported water into pervious surface spreading basins, (2) 
Recharge of a granular stratum underlying a water body, or (3) A large 
artesian aquifer continuously supplied by distant sources. 

A third limitation of infiltration galleries is that in order to be suc- 
cessful they should collect water that is satisfactory in chemical quali- 
ty. Except for certain localized pollution, the physical and bacteriologi- 
cal water quality of a properly constructed and operated infiltration 
gallery should be excellent. 


Advantages of Galleries 


The advantages of utilizing an infiltration gallery for a water source 
should be evaluated for each particular installation. However, follow- 
ing a competent hydrological study in which it has been determined that 
adequate ground water conditions exist, infiltration galleries may be the 
economical and superior water works. Particularly for a small water 
system, a gallery is a relatively low cost installation requiring minimum 
operating expense. In comparison, the cost of constructing a chemical 
treatment plant with conventional high rate filtration should be greater 
than that required for building infiltration galleries. The cost of shal- 
low gallery construction ($10 to $50+ per horizontal ft.) should be not 
more than tice that for installation of a comparable shallow well 
field. 2 However, the long life, and low operating expense may result 
in the galleries being even more economical and satisfactory than the 
shallow well supply. Besides the first cost, the conventional water fil- 
tration plant bears the expense of (1) head loss and pumping (2) floccu- 
lating and treatment chemicals (3) washing of filters (4) constant full 
time operation requiring highly trained personnel and (5) repairs and 
maintenance of pumps and other equipment. The infiltration galleries 
are a water works that can be operated by part time personnel that 
have little technical training. In certain backward areas, galleries may 
be particularly desirable as a source of water supply because limited 
chemical supplies, mechanical equipment, financial and technical re- 
sources are available for operation of a conventional filtration works. 

The filtration of raw water through pervious soil along with the long 
time storage within an underground aquifer provides for natural re- 
moval of suspended solids, turbidity, color, as well as for the purifica- 
tion of the raw water so as to eliminate organic colloidal matter and 
pathogenic pollutants. 

Field tests at Whittier and Azusa, California (3) have demonstrated 
that a sparkling clear potable effluent can be produced from partially 
treated sewage discharged into spreading basins and infiltrated through 
3 to 7 feet depth of soil. Greenberg and Gotaas (4) have found that a 
water meeting drinking water standards was collected after polluted 
water had infiltrated through soil. Others (5) have reviewed the effec- 
tiveness of soil percolation in removing pathogens and organic matter 
from polluted waste water. The efficiency of slow sand filters in water 
purification is well established. The infiltration gallery through low 
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percolation rates enables a high grade biological treatment of water 
where more rapid chemical and mechanical process may be less 
feasible. 

Infiltration galleries as contrasted to wells should employ gravity 
inflow to intercept the ground water. In comparison, conventional shal- 
low wells waste power to maintain a negative pressure head for draw- 
down and pump only part of the ground water flow for the well suction 
field. Four feet or more of equivalent water head may be used in pull- 
ing air from the pervious stratum to maintain the continuous vacuum 
for pumping water. 

Galleries can be used by cities located adjacent to an ocean or other 
saline water bodies for a sodium source to regenerate zeolite filter 
water softeners. The city of Ventura, California, employs such a gal- 
lery for collecting a clean salt water to regenerate their municipal 
water treatment plant zeolite filters. 

Infiltration galleries can also be used to tap water stored in under- 
ground natural storage basins. The City of Santa Barbara, California 
in past years has employed a 2000 ft. long 8 in. diameter horizontal 
gallery operated by a control valve to drain the infiltrated runoff water 
stored within a natural aquifer. This water was used as an emergency 
supply during the hot, dry, summer period. 

Infiltration galleries may be direcily applied to the treatment and 
reclamation of organically polluted waste waters. For example, the 
City of Amsterdam, Netherlands, plans to recharge 7 to 14 million 
gallons per day of organically polluted Rhine River water within exist- 
ing sand dune aquifers which would then percolate and store a purified 
water effluent tapped by galleries and surface drains. Frankfort, 
Germany is another municipality that has thus reclaimed a badly pol- 
luted pathogenic and organic waste loaded raw water. The travel of 
the polluted water through linear or vertical distances varying from 
10 to 1600 ft. of porous sand and gravel enables the action of time, 
aerobic zoogleal organisms as well as other physical and chemical 
factors to purify the contaminated influent. The infiltrated raw waste 
water loses its original identity and blends with the existing ground 
water so that aesthetic opposition to reuse of waste water is minimized. 


Experience with Infiltration Galleries 


Among the types of aquifers developed for infiltration galleries in- 
clude springs, rock fissures, shailow ground water stratums and loca- 
tions adjacent to a stream, lake or other water recharge source. 

Infiltration galleries can be built to develop a maximum supply of 
water from a spring. The construction of a collection pipe and clear 
well to protect the spring water supply from pollution is a common and 
desirable practice. Particularly in mountainous areas, infiltration gal- 
leries can be employed as collection works to discharge a sanitary 
potable water from the highland springs into a gravity transmission 
pipe line leading to a community iocated in the mountain valley. 

Rock aquifers recharged through limestone or volcanic fissures may 
supply large quantities of water. In Hawaii the volcanic “pahoehoe” 
and “aa” volcanic formations collect the surface waters that infiltrate 
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from the mountainside through rock fissures. The galleries skim off 
fresh water which is gravimetrically situated above a saline ground 
water. Because of the controlled drawdown of the collection tunnel, the 
saline waters are kept out of the fresh water supply and salt water in- 
trusion is prevented. In Florida, the rock fissures throughout the ocalla 
limestone aquifer may be considered as a natural gallery type water 
supply source for many of the west and central Florida communities 
and industries. In addition to the aquifer acting as a major water re- 
source, waste effluents have in the past been disposed through drainage 
wells directly into the limestone and as a result the aquifer has been 
subject to localized pollution. 

The construction of galleries as collection interceptors for rock 
aquifers may or may not involve the presence of sand or gravel as a 
percolating medium prior to infiltration into the gallery. Where a shal- 
low permeable aquifer is recharged by a large ground water flow, ob- 
viously the infiltration gallery will continuously discharge large quanti- 
ties of water. Communities located near river or valley bottoms 
containing artesian aquifers have successfully developed this type of 
infiltration gallery. More commonly however, galleries are constructed 
directly adjacent to a river or other water source and receive much of 
their recharge from the surface water body. Many galleries in the 
United States are constructed in river beds and include communities 
along the Ohio River, Mississippi River, and other streams. (See 
Table 1). It should be noted that the river head waters where there is 
a relatively high velocity of flow have proven to be the most satisfactory 
locations. Because: (1) The high flow velocities carry away the fine 
sediment which would reduce the permeability of an aquifer; (2) The 
head waters of streams are a relatively pure and desirable water 
source; (3) The coarse porous sand and gravel enable rapid recharge; 
and (4) good collection rates generally are possible. 

At Des Moines, Iowa, when there is a limited water flow, the city’s 
infiltration gallery is not only recharged indirectly from the river 
source but by means of spreading basins located directly above the 


gallery. 


Types of Interceptors 


Clear distinction can be made between the infiltration gallery located 
directly within a pervious aquifer and which depends only upon gravity 
drawdown to collect the ground water flow and a second type of gallery 
which employs an underground dam, that is either a natural or man 
made structure. The underground dam may be built of impervious ma- 
terial such as rock, clay or concrete. The dam assures that most of 
the existing ground water except for the dam overflow will be stored 
in the aquifer system, and eventually collected by the infiltration gal- 
lery. At Harrisonburg, Virginia, the infiltration gallery is located with- 
in a sand and gravel stratum underlain by an impermeable Pocono sand- 
stone bedrock. A concrete underground dam is constructed across the 
stream and the underground water is intercepted by a gallery that has 
been operating successfully many years. Circleville, Ohio and Los 
Angeles, California are examples of municipalities that operate gal- 
leries within a river bottom without installing underground dams. 
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Depth of Aquifers 


Many galleries are built at what would be considered a shallow depth 
for well supplies. In fact, infiltration galleries appear to operate satis- 
factorily with 15 ft. of permeable stratum as a cover. The range in soil 
depth appears to be between 2 ft. and 919 ft. (See Table 1) above the gal- 
lery pipe. Reasons for use of shallow aquifers include: (1) Surface con- 
struction costs are proportional to the depth of trench excavation and 
(2) Desirable water quality may be achieved with shallow galleries. In 
the case of shallow wells, the pump suction may assist in allowing sur- 
face pollution to travel along the fissure provided by the outside well 
casing and thus to enter the pumped water. With an infiltration gallery 
this cross connection should not exist, since the ground water is not 
collected under vacuum and the low gravity flow rates allow the surface 
water to be purified prior to collection. Deep galleries located in sand 
aquifers tapped by tunnelling into mountain sides should be less suscep- 
tible to surface water pollution. 


Infiltration Galleries Construction Details 


Galleries can be dewatered during construction by use of sheet piling 
or well points while excavating and installing the collection system. At 
locations where artificial recharging is used to maintain the water table, 
the gallery in effect operates in a manner similar to a slow sand filter 
and then dewatering may not be required. It is desirable to construct 
the gallery during the relatively dry season of the year so that minimum 
surface water or ground water flooding can occur. The cost of construc- 
tion of infiltration galleries, it has been previously noted, may be in the 
range of approximately twice the cost of a shallow well system. How- 
ever, modern construction methods including wet, in place installation, 
using experience obtained with building outfall sewers and tunnels, can 
reduce this cost. The operating expense of infiltration galleries should 
be less than for a well system since hydraulic and construction features 
should enable a long life requiring minimum maintenance or repairs. 
Vitrified clay, brick, concrete, reinforced concrete and cast iron have 
proven to be successful gallery construction material. Where wood, 
steel or impermanent construction materials are used, the gallery may 
fail after a short life. (See Table 1) 

On the contrary, well construction galleries have been utilized in 
such locations as Los Angeles, California and Des Moines, Iowa for 
over 40 years without reported reduction in the collection rates. The 
infiltration gallery pipe should be perforated and connected by open 
joints so as to allow low entrance velocities for the collected water. 
High entrance velocities into the gallery may cause the washing of fines 
into the inlet openings, cause plug;;ing and thus reduce infiltration rates 
and result in the abandonment of the gallery. The gallery diameter size 
to be used should be (1) large enough for inspection and maintenance of 
the gallery and (2) be designed to hydraulically carry the total expected 
infiltration water flow at desired velocities. Where flow velocities are 
less than 2 ft. per second, sand traps and cleanouts should be built for 
removal of grit. With modern pipe cleaning devices it may not be nec- 
essary to use large pipe sections so that a man can physically enter the 
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gallery for repair and maintenance purposes. Back washing with water, 
acid, or chlorine solutions has been tried at some locations. However, 
an expensive backwash is not required for routine operation of most 
galleries. (See Tables 1 and 2). The gallery is often laid within a 
graded gravel and sand cradle and back filled with the same material. 
Manholes should be located each 250 to 600 feet distance so that inspec- 
tion and maintenance of the gallery can be economically performed. The 
infiltrated water flows through the gallery to the collection sump. Tur- 
bine type pumps operated by automatic switches can then discharge the 
water into the distribution system. Normally chlorination is the only 
additional treatment supplied. 


Quantity of Water Produced 


Most successful infiltration galleries are located in porous aquifers 
consisting of sand-gravel mixtures or rock fissures. A properly 
located gallery within a porous sand and gravel aquifer should average 
infiltration rates of about 1 million gallons a day per 1000 ft. of inter- 
ceptor length (See Table 1). Galleries that are located in rock fissures 
or coarse aquifers that are rapidly recharged by fast flowing ground 
water, may supply higher infiltration rates. Fine sands i.e. aquifers 
with reduced porosity can be expected to supply less than 1 million 
gallons a day per 1000 ft. of collector length. 

The quantity of yield of an infiltration gallery may be estimated by 
simple calculation as follows: (6 


(1) Quantity = Q = velocity of intercepted ground water flow x area 
of cross section of intercepted ground water stratum x average 
porosity of the aquifer = v a p. Units are in ft. and day. 


(2) If V = constant, x slope in ft. per mile = ks. 
(3) Then Q = ksap 

If kp = permeability coefficient = K 
(4) Then Q = Ksa 


Field tests should be performed to accurately estimate gallery yields 
by determining: (a) the flow direction of an aquifer and (b) how much the 
gallery collector will intercept of the total possible ground water flow 
and (c) the velocity of flow cross section area and porosity (equation 1) 
of the aquifer. 

Tables (6) and (7) can be used for various permeable media to obtain 
a preliminary and less accurate estimate of the permeability coefficient 
(equation 4) for calculation of an estimated yield of a gallery. Muskat 
and Wycoff (8) carefully covers the theory of liquid flow through porous 
media. 

Information on gallery yields ennumerated in Table 1, indicates that 
except for fissured rocks, the maximum dependable yield for most sand 
and gravel aquifers is less than might be expected from theoretical 
estimates. 
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Failures 


Infiltration gallery failures can be reviewed as warnings to assist 
in successful applications. These failures can be summarized briefly 
as follows: 


a. The gallery was located in a water table which during natural dry 
periods or subsequent man made influences resulted in a lowered water 
table leaving the collection works high and dry. 


b. The infiltration gallery was improperly located in a poor aquifer 
with a limited volume of water recharge. After the initial water was 
obtained from the local lens, the gallery did not collect an adequate 
quantity of water. Stratum containing clay or organic matter as well 
as a sand stratum restricted by hard pans may prove unsatisfactory as 
aquifers. 


c. Permeability reduction of aquifers has resulted in the failure of 
certain collection works. Permeability reduction can be caused by the 
precipitation of minerals with incrustation of the sand and pipe perfora- 
tions and subsequent sealing wf the gallery. Biological growths such as 
zoogleal bacteria may reduce the permeability so as to prevent effective 
infiltration. Sealing of three horizontal well screens by introduction of 
fine clay and other impervious turbidity resulted in the abandonment of 
horizontal wells at South Haven, Michigan in 1902. Insufficient perfora- 
tion area in the gallery will provide high velocities of inflow and possi- 
ble sealing. A low velocity of water infiltration, emergency backwash 
of the gallery, repair of damage to structures, and maintenance by 
periodic cleaning or chlorination are remedial actions that can be em- 
ployed for redeveloping infiltration rates. The excavation and replace- 
ment of the sand and gravel surrounding a gallery is an expensive and 
generally unsatisfactory method of maintaining infiltration rates. 


d. Many galleries have failed because of collapse of the wooden or 
other non-permanent type collection works. Obviously a strong stable 
construction material should be used to minimize structural deteriora- 
tion by corrosion and other forces. 


e. The pollution of infiltrated water by chemical wastes such as salt 
water from oil field brines or chlorophenols, nitrates, and other toxic 
chemical compounds may result in unsatisfactory water supply. Ob- 
viously the water source entering the aquifer should be of satisfactory 
chemical quality to meet drinking water standards. Pathogenes are 
removed by slow filtration through the aerobic porous media environ- 
ment provided by the gallery. Gross pollution loads of organic wastes 
or cross connections may result in contamination of a shallow aquifer. 
However, bacteriological analyses of numerous samples collected in 
many infiltration galleries are reported to be of satisfactory pathogen 
free quality even when grossly polluted raw water sources recharge the 
aquifer. Public health authorities would not allow an infiltration gallery 
supply of unpotable water to operate. 


f. The cause of failure of many galleries is that they were either 
improperly designed or under designed and hence not enough gallery was 
installed for the large quantity water supply desired. 
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SUMMARY AND CONCLUSIONS 


1. Infiltration galleries can provide an economical and dependable 
water works. 


2. Galleries can have the advantage of collecting a naturally purified 
water. 


3. Galleries can be used for collection of water in shallow aquifers 
preventing salt water intrusion. 


4. Galleries may supply 1 mgd per 1000 ft. of length. Permeability 
and recharge factors control the quantity of yield. 


5. Details of gallery construction and operation are noted in the 
paper. 
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478(SM)°, 479(HY)©, 480(ST)©, 481(SA)°, 482(HY), 483(HY). 


a. Presented at the New York (N.Y.) Convention of the Society in October, 1953. 

b. Beginning with “Proceedings-Separate No. 290,” published in October, 1953, an automatic distribution of papers was in- 
augurated, as outlined in “Civil Engineering,” June, 1953, page 66. 

c. Discussion of several papers, grouped by Divisions. 

d. Presented at the Atlanta (Ga.) Convention of the Society in February, 1954. 

e. Presented at the Atlantic City (N.J.) Convention in June, 1954. 
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